Abstract-In this paper we introduce a novel and simple image segmentation schemes that are based on combinations of morphological and statistical operations. Mathematical morphology is very attractive for this purpose because it efficiently deals with geometrical features like as size, shape, contrast or connectivity that can be considered as segmentation oriented features. The present paper derives equations on the basis of dilation, erosion and median or mean which finally results segmentation. The segmentation algorithms are divided into three groups based on number of operations and type of operations, used. Some of the proposed methods of segmentation are useful for edge based segmentation while the other is useful for region based segmentation. The segmentation quality is improved, by dynamically changing the combinatorial coefficients that are used in equations. The present combinatorial method is applied on Brodatz textures and a good segmentation is resulted.
I. INTRODUCTION
Texture segmentation is carried out by many researchers in different ways. There are two approaches for the segmentation of the images: edge-based and region-based approaches. The edge-based method in [1] extracts the boundary of the object by measuring the amount of defocus at each edge pixel. The algorithm has demonstrated high accuracy for segmenting man-made objects and objects with clear boundary edges. The region-based segmentation algorithms in [2, 3, 4] , rely on the detection of the high frequency areas in the image. A reasonable starting point is to measure the degree of focus for each pixel by computing high-frequency components. Nonetheless, if the focused smooth region is too large, the proposed algorithm may need to incorporate some semantic or human knowledge. Recently Junmo Kim et al. proposed a new information-theoretic approach [5] to image segmentation using nonparametric statistical method. The region-based or contour methods used a level-set approach, which is accurate but time consuming. To overcome this parametric active contour evolution based on smooth-spline snake-based algorithm for segmentation of images [6] were proposed. Unfortunately, interpolation methods are not robust to noise. To overcome this, smoothing splines [7] were used in the B-spline interpolation approach. Recently, Chan and Vese developed an active contour model for image segmentation and smoothing by using piecewise constant and smooth representation of an image [8] . Tsai et al. [9] also independently developed segmentation and smoothing method similar to the Chan and Vese piecewise smooth approach.
Based on the variational method, different image segmentation approaches have been developed, such as classical snakes based on gradient, geodesic active contours [10] , curve evolution based on the Mumford and Shah functional method [10] , and active contours without edges [8, 11] .The present paper utilizes simple morphological and statistical operations for segmentation. The present paper is organized as follows. Section II briefly introduces the concept of morphology. Section III describes the methodology and Section IV presents the results and analysis and finally, conclusions are drawn in Section V.
II. INTRODUCTION TO MORPHOLOGY
Mathematical morphology is a well-founded non-linear theory of image processing [12, 13, 14, 15] . Its geometryoriented nature provides an efficient framework for analyzing object shape characteristics such as size and connectivity, which are not easily accessed by linear approaches. Morphological operations take into consideration the geometrical shape of the image objects to be analyzed. The initial form of mathematical morphology is applied to binary images and usually referred to as standard mathematical morphology in the literature in order to be discriminated by its later extensions such as the gray-scale and the soft mathematical morphology. Mathematical morphology is theoretically founded on set theory. It contributes a wide range of operators to image processing, based on a few simple mathematical concepts. The operators are particularly useful for the analysis of binary images, boundary detection, noise removal, image enhancement, and image segmentation. The advantages of morphological approaches over linear approaches are direct geometric interpretation, simplicity and efficiency in hardware implementation.
An image can be represented by a set of pixels. A morphological operation uses two sets of pixels, i.e., two images: the original data image to be analyzed and a structuring element (also called kernel) which is a set of pixels constituting a specific shape such as a line, a disk, or a square. A structuring element is characterized by a well-defined shape (such as line, segment, or ball), size, and origin. Its shape can be regarded as a parameter to a morphological operation.
Basic operation of a morphology-based approach is the translation of a structuring element over the image and the erosion and/or dilation of the image content based on the shape of the structuring element. A morphological operation analyzes and manipulates the structure of an image by marking the locations where the structuring element fits. In mathematical morphology, neighborhoods are, therefore, defined by the structuring element, i.e., the shape of the structuring element determines the shape of the neighborhood in the image.
A. Morphological Operations
The fundamental mathematical morphology operations dilation and erosion, based on Minkowski algebra are defined as Dilation-
While either set A or B can be thought of as an "image", A is usually considered as the image and B is called a structuring element. Dilation, in general, causes objects to dilate or grow in size; erosion causes objects to shrink. The amount and the way that they grow or shrink depend upon the choice of the structuring element. Dilating or eroding without specifying the structural element makes no more sense than trying to low pass filter an image without specifying the filter.
The techniques of morphological filtering can be extended to gray-level images. To simplify matters we will restrict our presentation to structuring elements, B, that comprises a finite number of pixels and are convex and bounded. Now, however, the structuring element has gray values associated with every coordinate position as does the image A.
For a given output coordinate [m, n], the structuring element is summed with a shifted version of the image and the maximum encountered over all shifts within the J x K domain of B is used as the result. Should the shifting require values of the image A that are outside the M x N domain of A, then a decision must be made as to which model for image extension. *Gray-level erosion, E G (*), is given by: Erosion= [ , ] 
A Segmentation using Combinatorial
Though many research scholars working in the area of morphology proposed many segmentation algorithms based on the orientation and type of Structuring Element (SE). But the present paper advocates a new method of segmentation of images, based on combinatorial approach of mathematical morphology and primitive statistical operations. A gray level image typically consists of both bright and dark object features with respect to size or scale. The basic objective of the present segmentation algorithm is to isolate or sketch out the most optimal contours of these bright and dark features. For this the present paper proposes three methods of segmentation based on number and type of operations. For this the combinatorial segmentation schemes is divided into three groups. The segmentation of group one and group two consists of three coefficients purely based on morphological operation, and both morphological and statistical operations respectively. The segmentation scheme of group three consists of two coefficients based on both the type of operations. These segmentation approaches are derived in the form of equations.
The mathematical representation for group one combinatorial segmentation is given in equations (1) and (2) .The segmentation results depend upon the combinatorial coefficients of α, β and γ. This dependency is restricted to 95% by keeping the condition α > β and α > γ. The group two combinatorial segmentation is represented by equations (3) and (4).
Where α > β and α > γ ,Avg represents average value of the 3x3 mask and Med represents median value of the 3x3 mask.
The segmentation of group three forms from the two operations of morphology and/or statistics. The mathematical representation for group three combinatorial segmentation is given in equations (5), (6), (7) and (8) .
[
Where α ≥ β. This is needed to keep the resultant value of equations (5), (6), (7) and (8) as positive.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
The above group of combinatorial segmentation is applied on Brodatz Textures shown in Fig. 1 . The validity of the proposed segmentation scheme is tested with different values of coefficients α, β and γ. The experimental results are shown in Fig. 2 to Fig. 7 . We have presented a novel segmentation technique to segment the image objects. It distinguishes itself from other approaches by a method in which simple morphological and statistical operations are used as a group. The image segmentation scheme presented by group 1 and group 2 methods resulted good edge based segmentation. The Fig. 2, 3, 4 and 5 of group 1 and group 2 segmentation respectively indicates this. The above figures consistently show the texture segmentation based on even small abrupt changes in intensity. The image segmentation of group 3 from Fig.6 and Fig.7 clearly indicates a region based segmentation. These figures shows the advantage that the boundaries of regions are always closed and therefore the regions with different textures are well separated. As illustrated by numerous combinations, it is evident that these simple combinations are extremely powerful operations for gray scale object segmentation problems.
V. CONCLUSIONS
In the present paper the segmentation scheme is progressively constructed by a set of simple and powerful morphological and statistical operations. The proposed study thoroughly investigated the effect of coefficient values α, β and γ on the proposed segmentation method. The experimental results indicate that segmented results are depending on type and number of operations and on coefficient values. The developed approach operates without intervention of high knowledge and by priori information. The process is automatic and results obtained are conclusive. Several possible improvements to the proposed method are of interest for future research by exploiting different combinations of the proposed operations and any other.
